Stability of alpha-helices in a molten globule state of cytochrome c by hydrogen-deuterium exchange and two-dimensional NMR spectroscopy.
To distinguish between intrinsically stable helices and those stabilized by the protein three-dimensional structure, we report the hydrogen-deuterium exchange (H2H) rates of 29 amide protons of ferricytochrome c in a molten globule state (at 35 degrees C, pH 2.0 with 0.5 M KCl), monitored by 2D-NMR. The results of the H2H-exchange experiments have been analyzed to calculate the protection factors. The helices were not uniformly stable and amide protons of residues belonging to the N and C-terminal helices had high protection factors. The protection factors of amide protons involved in the 50's helix were low, and could not be determined quantitatively. In the 60's helix we found two amide protons with protection factors comparable to those of the N and C-terminal helices. These results, compared with previously reported intrinsic helicities of peptide fragments, indicate that the relative helicities of isolated fragments are not directly reflected in the stability of the helices in the molten globule state, even though this state has no rigid tertiary structure. This suggests that loose interactions between helices are present in the molten globule state of cytochrome c, and that they are essential for keeping the helicity of the helical segments. The loose tertiary interactions discussed here differ from the usual tertiary interaction found in the native state in that the specific interdigitization between side-chains is absent.